Integration of oriented elements into a contour has been investigated extensively in human psychophysics whereas electrophysiological experiments exploring the neuronal mechanism of contour integration were most often done with macaque monkeys. To bridge the gap between human psychophysics and physiology we estimated spatial and temporal constraints of contour integration in two macaque monkeys. Our results show that contour integration in monkeys depends in a similar way on element distance and alignment between contour path and contour elements as in human subjects. The grouping process was surprisingly fast: In a backward masking experiment we show that a stimulus duration of 30-60 ms is sufficient to perceive a contour and to identify its shape.
Introduction
A fundamental ability of the brain is the integration of visual features into coherent objects. According to Gestalt theory, perceptual grouping of visual features is guided by simple rules such as closure, proximity, similarity, symmetry, common fate and good continuation (Han, Humphreys, & Chen, 1999; Quinlan & Wilton, 1998; Westheimer, 1999) . Grouping by good continuation is an important mechanism in natural environments where parts of an object are often occluded by other objects. Detailed psychophysical studies have given a quantitative description of the effect of several parameters on this grouping mechanism (Hess & Field, 1999; Kovács, 1996) . In particular, studies on a contour-detection paradigm where subjects have to find a continuous path of Gabor elements embedded in a background of randomly orientated Gabor elements have shown that local parameters of the contour elements such as alignment or spacing as well as global parameters such as contour length and geometry influence the grouping process. For example, the saliency of a contour rises with the colinearity of its elements and the reduction of element distance (Beck, Rosenfeld, & Ivry, 1989; Braun, 1999; Field, Hayes, & Hess, 1993; Kovács & Julesz, 1993; Li & Gilbert, 2002; Pettet, 1999) . Global properties of contours like decreasing length, lack of closure, changes in direction of curvature and kinks result in reduced contour saliency (Braun, 1999; Kovács & Julesz, 1993; Pettet, 1999; Pettet, McKee, & Grzywacz, 1998) . Global contour properties also seem to influence the processing time required for contour integration: Depending on contour curvature the processing time ranges between 100 and 300 ms Hess, Beaudot, & Mullen, 2001) .
A possible mechanism underlying contour integration is outlined in the concept of the Ôassociation fieldÕ (Field et al., 1993) . It describes the linking probability between spatial filters, like receptive fields of neurons in primary visual cortex (V1 elements. Support for the concept of an association field comes from anatomical and electrophysiological studies: It is generally accepted that in particular long-range horizontal projections in V1, mainly linking neurons with similar orientation preference (Gilbert & Wiesel, 1989; Stettler, Das, Bennett, & Gilbert, 2002) and colinear aligned receptive fields (Fitzpatrick, 1996; Schmidt, Goebel, Lö wel, & Singer, 1997) contribute to contour perception. Electrophysiological studies using flanker paradigms have shown that responses of V1 neurons to a stimulus are modulated by the stimulus context: single colinear line elements placed outside the classical receptive field facilitate the responses of orientation-specific neurons in V1 (Ito & Gilbert, 1999; Kapadia, Ito, Gilbert, & Westheimer, 1995; Polat, Mizobe, Pettet, Kasamatsu, & Norcia, 1998) . Such contextual modulations often start with a latency of 80-150 ms after stimulus onset, suggesting that feedback from extrastriate areas is involved (Bauer & Heinze, 2002; Zipser, Lamme, & Schiller, 1996) .
The functional relevance of these relatively late-starting contextual effects for object recognition and the assumption of long processing time for contour integration as suggested by psychophysical experiments Hess et al., 2001 ) has been challenged by several studies on ultra-rapid visual categorization of natural images (Fabre- Thorpe, Richard, & Thorpe, 1998; VanRullen & Thorpe, 2001; Vogels, 1999a) . Stimulus-specific activity in tasks where subjects have to decide whether a briefly flashed picture belongs to a target category or not, was observed 150 ms after stimulus onset in frontal EEG electrodes in humans (Thorpe, Fize, & Marlot, 1996) and 80-90 ms after stimulus onset in inferotemporal cortex of monkeys (Vogels, 1999b) . Since it is reasonable that processes defining object boundaries precede image categorization, the short latency of category-specific activity demands fast processing for boundary representation. From these considerations arises the question, whether contour integration is indeed a rather slow process as suggested by the above-mentioned psychophysical and electrophysiological studies.
Essential to the investigation of the neuronal mechanisms underlying fast contour perception are quantitative descriptions of the parameters constraining perceptual grouping of visual elements in monkeysbut to our knowledge corresponding psychophysical studies are missing. Therefore, we trained two macaque monkeys to perform a 4-alternative-forced-choice (4AFC) identification task on contour perception. In line with numerous human psychophysical studies, the stimuli consisted of an array of randomly oriented Gabor elements in which some of the elements were aligned along an imaginary curved path, resulting in the percept of a contour. The series of experiments presented here has two aims. The first is to investigate quantitatively the effect of two important local parameters, i.e. alignment deviations and element distance, on contour salience. The second aim is to characterize temporal constraints of the grouping process using a backward masking paradigm. The results show that in monkeys (1) contour elements are integrated over a wide range of alignment deviations and element distances and (2) that integration of oriented elements into curved contours can be very fast.
Methods

Stimuli
Stimuli were composed of Gabor elements which were defined by
where (x, y) is the position, h the orientation, k = 0.36°t he spatial period, r = 0.18°the space constant and / 2 [0, p] the phase which is chosen randomly for each individual element. The Michelson contrast of the elements was 0.95. The path of the contour was constructed by joining together virtual line elements to form an U-or S-shape (Fig. 1) . In experiment 1, the length of the virtual line was 1.48°, in experiments 2 and 3 the length of the virtual line was varied between 1.38°and 3.8°. The angle b = p/(N À 1), where N is the number of contour elements, is the difference in orientation between two successive virtual line elements. The S-shape was constructed by turning around one leg of the U-shape. Several modifications ensured that contours could not be detected by simple mechanisms (like e.g. template matching): The U-or S-shape was modified by adding a jitter (DD) of ±5% to the length of the virtual line and by adding a random variation (Db) of ±30% to the angle b. The whole shape was rotated between 0°a nd 180°in the image plane and 50% of the contours were mirrored along their vertical axis. Then, the contour was placed at an arbitrary position on the left or right side of the display. Gabor patches were placed at the middle of each virtual line element. Their orientation differed from the shapeÕs path by the angle a, as specified for the individual experiments.
After positioning the contour elements, background elements were added to the display by using a method adopted from Braun (1999) . The idea of this method is to iterate diffusion and insertion of two-dimensional particles to the display until the same pair-distribution functions for contour and background elements are achieved. The mask stimulus used in experiment 3 was obtained by keeping the positions of all Gabor elements of the corresponding contour display but using for each element a randomly chosen orientation and phase.
The stimuli were displayed with a resolution of 1152 · 864 and a refresh rate of 100 Hz. The 21 in. CRT subtending 26.6°· 20.0°of visual space was placed 81 cm in front of the monkeysÕ eyes.
Subjects
Two male, adult rhesus monkeys (Macaca mulatta) served as subjects. Before the behavioral training each monkey underwent a head post and eye coil implantation using standard surgical techniques. Anesthesia was induced with Ketamine (10 mg/kg) after a premedication with Atropine (0.05 mg/kg). Subsequently, the monkeys were intubated and anesthesia was maintained with 0.5-2.0% isoflurane. A headpost was attached to the skull with ceramic bone screws and acrylic cement. A gold ring for the indirect search coil method (Bour, Van Ginsbergen, Bruijns, & Ottes, 1984; Reulen & Bakker, 1982) was implanted subconjunctivally in one eye. Antibiotics were administered for one week after the operation and the monkeys were allowed six weeks of recovery.
All surgical procedures and behavioral experiments were performed in accordance with the guidelines for the welfare of experimental animals issued by the federal government of Germany and conform to the European Communities Council Directive (86/609/EEC).
Task
The monkeys were trained to perform a 4-alternativeforced-choice (4AFC) visual identification task (Fig. 2) . After a fixation period of 800-1000 ms, the monkeys viewed for 600 ms (experiments 1 and 2) or 30-90 ms (experiment 3) a Gabor element image, which contained either a U-shaped or S-shaped contour on the left or right side. The contour image was followed by a blank screen of the same mean luminance (duration: 600 ms experiments 1 and 2) or by a mask (duration: 600 ms, experiment 3). Then, an image containing four saccade targets was displayed for 400 ms requesting an assignment of the contour to one of the four response categories (S left, S right, U left, U right). The saccade target positions of the four response categories were always identical in order to minimize errors due to wrong saccade target selection. Correct trials were rewarded with a drop of fruit juice, while wrong responses or deviation of gaze from the central fixation spot by more than 0.6°o f visual angle lead to an abortion of the trial without reward.
At each recording day, 64 new contour-element images differing in their degree of difficulty were generated and presented repeatedly in random order. Different degrees of difficulty were obtained by varying orientation jitter a or the Gabor element distance (see Section 2.1). Depending on the daily working time of the monkeys each contour-element image was shown 14-26 times. Analysis of performance proved that no learning effect occurred due to repetition of contour stimuli because average performance was constant during the recording session.
Data analysis
Performance data (percent correct response) of each subject were fitted with a Weibull function corrected to account for the different asymptotic performance levels by using the psychofit toolbox v2.5.1 for Matlab (see http://bootstrap-software.org/psignifit/) which implements the maximum-likelihood method described by Wichman and Hill (2001) :
where PC is percent correct, x is the investigated parameter, pc max is the maximum performance level, c is To obtain different realizations of the basic S-und U-shapes, a jitter Db = ±30% of b was added to b. a gives the orientation of the Gabor element with respect to the virtual line. In the example a was chosen randomly to be +24°or À24°. The phase of each Gabor element was chosen randomly. (B) The same contour is shown, now embedded in background elements. chance performance, a is threshold and b is slope. The threshold corresponds to a relative increase in performance of (1 À 1/e), thus
For calculation of confidence intervals for threshold and slope a bootstrap technique was applied (bias-corrected accelerated method, as described in Efron (1987) , implemented by the psychofit toolbox).
Results
Experiment 1: Element alignment
In the first experiment we investigated the effect of mismatch between path-and contour-element orientation on the saliency of contours. Monkeys were presented with Gabor-element images containing a S-or U-shaped contour in which element orientation differed by an angle ±a from the path, with a equal to 0°, 8°, 10°, 12°, 14°, 16°, 18°, 20°, 22°, 24°, 26°and 36°in monkey #1 and 0°, 8°, 10°, 12°, 14°, 16°, 18°, 20°, 24°and 36°in monkey #2. The number of contour elements was nine, and the stimulus was shown for 600 ms. The results for both monkeys are shown in Fig. 3A . Data points indicate the proportion of correct responses as a function of orientation jitter and lines denote fits of the data. Each data point is based on 1000-5000 responses collected in different sessions over several days. In both monkeys, performance decreased in an almost identical way with increasing orientation jitter and reached threshold performance at nearly the same values of orientation jitter (18.2°± 0.14°in monkey #1 and 17.9°± 0.11°in monkey #2, mean ± SD).
The 4AFC-task used for this study required the monkeys not only to detect a contour but also to identify its shape. Discrimination between S-and U-shaped contour requires to group most elements of the contour correctly, while mere detection of a contour can be done when only parts of the contour are perceptually grouped. To investigate whether the neuronal mechanism underlying perceptual grouping of contour elements always binds most or all elements belonging to the contour into a coherent representation or whether the binding process could fail along the path, the behavioral responses were analyzed for contour-detection performance. In case of the former assumption no differences in threshold should occur whereas in the latter case the threshold should be shifted to higher jitter values in the detection condition. The procedure for calculating the detection performance was the following: saccades to left-or right-side targets were considered to be correct, if the contour was on the corresponding hemifield irrespective of the selected shape. Fig. 3B shows that orientation thresholds are shifted to higher values: 22.7°± 0.25°of orientation jitter in monkey #1 and 20.8°± 0.18°in monkey #2. The difference in threshold between the detection and the identification condition was highly significant in both monkeys (p < 0.0001, Welch-test). These results indicate that mere contour detection is possible with higher orientation jitter than contour identification.
Experiment 2: Element distance
It is known from psychophysical experiments with human subjects that perceptual grouping of colinear line elements into a contour critically depends on element distance (Braun, 1999; Field et al., 1993 ; Li & Gilbert, Fig. 2 . Stimulus sequence of the 4AFC identification task. After a fixation period, the Gabor-element image containing the contour was displayed for 600 ms (experiments 1 and 2) or for 30-90 ms (experiment 3). The contour was either S-or U-shaped and was located on the left or right side. In experiments 1 and 2, the contour image was followed by a blank screen of same mean luminance, in experiment 3 it was followed by a mask. Blank screen and mask were presented for 600 ms. Then, a saccade target image appeared requesting an assignment of the perceived contour to one of the four response categories (S left, S right, U left, U right).
2002) but the spatial constraints for contour integration in monkeys are not known. We therefore investigated in the second experiment the effect of element distance on contour saliency with the 4AFC identification paradigm. The length of the virtual lines of the contour was varied between 1.38°and 3.8°and the next-neighbor distance of the background elements was matched accordingly. In order to keep the total length of the contour constant, the number of contour elements was varied between 12 and 5 according to element distance. Contour elements were always aligned to path orientation (a = 0) and the time course of the trial was the same as in experiment 1. Fig. 4 shows performance and psychometric functions for both monkeys. Each data point represents between 1300 and 2400 responses and the lines represent a Weibull fit to the data. Up to an element distance of 1.9°t he performance of both monkeys was maximal and dropped to 68% and 58% correct responses (monkey #1 and #2, respectively) at the maximum distance (3.8°). Threshold performance was reached at an element distance of 3.65°± 0.04°(mean ± SD) in monkey #1 and at 3.26°± 0.02°in monkey #2.
Experiment 3: Backward masking
The aim of experiment 3 was to investigate temporal constraints of contour integration. As in experiment 2, the distance between Gabor elements (both contour and background elements) was varied between 1.38°a nd 3.8°but the Gabor element images were followed by a mask (see Section 2). Stimulus-onset asynchrony (SOA) between the image containing the contour and the mask image was 90 and 60 ms in monkey #1 and 70 and 30 ms in monkey #2. For each element distance and SOA, 800-2700 responses were collected in different sessions over several days. The results are shown in Fig.  5 . In both monkeys performance at both SOAs was well above chance level, even at the largest element distance tested (3.8°). For monkey #1 (Fig. 5A) , backward masking resulted in a significant decrease of threshold distance but the threshold values at both SOAs were the same (3.23°± 0.03°at 90 and 60 ms SOA, 3.65°± 0.04°a t 600 ms without mask (experiment 2), p < 0.0001, Student t-test). Note that the lapsing rate (difference between 100% performance and best performance) at a SOA of 60 ms was higher than for all other stimulus conditions and that average performance was worse than at a SOA of 90 ms. In monkey #2 (Fig. 5B) performance at a SOA of 70 ms was similar to the performance of the unmasked condition. There was a slight increase in performance (p < 0.02, Mann-Whitney U test) at shorter element distances (up to %2.2°) in comparison to the results of experiment 2 that may have been caused by perceptual learning due to the intensive training of the backward-masking task. At 30 ms SOA threshold distance decreased significantly to 2.77°± 0.02°( p < 0.0001, Student t-test). This decrease indicates that more processing time is necessary to integrate elements at larger distances. Detection performance was calculated as described in the result section of experiment 1. Again, threshold values were higher for contour detection than for contour identification ( Fig. 6 ): They ranged between 3.7°and 3.8°at SOAs between 60 and 90 ms, and at 30 ms SOA (monkey #2) the threshold distance was 3.38°. In all cases the increase of threshold was highly significant (p < 0.0001, Student t-test).
Control experiment for shape of masking function
Under some masking conditions, the masking function (performance as a function of SOA) is not monotonic but U-shaped (Francis & Herzog, 2004; Kolers, 1962) . For short SOAs, the target is clearly seen, for intermediate duration SOAs (around 80 ms, but this value varies substantially) performance decreases and for long SOAs performance is again good. To investigate, whether the good performance at short SOAs that we found in our study could be due to a U-shaped masking function, we measured performance for a larger range of SOAs (20-120 ms) in one monkey (monkey #2). The task and stimuli were otherwise the same as in experiment 3. The resulting masking function was strictly monotonic, i.e. performance increases with increasing SOA and reaches its maximum at a SOA of 70 ms (Fig. 7) .
Discussion
The experimental results reported here show that in monkeys perceptual grouping of elements into a coherent contour is performed over a wide range of orientation jitter and element distances, which is similar as in human perception. Most importantly, contour integration seems to be much faster than previously thought: The backward masking experiment demonstrated that even at a SOA of 30 ms contours can be perceived well by monkeys. The influence of orientation jitter and element distance on contour saliency has been investigated in psychophysical studies with human subjects. With respect to orientation jitter, Field and colleagues (Field et al., 1993) have shown that an orientation jitter of ±30°leads to a drop of performance close to chance level in a 2AFC contour-detection paradigm. In our study, contour-detection rate was near chance level at an orientation jitter of 36°. This is very similar to the human study, in particular when considering that our overtrained monkeys have performed several 10,000 training trials prior to performance recordings. Much higher tolerance for orientation jitter has been found in a study on amblyopic monkeys (Kozma & Kiorpes, 2003) : even at an orientation jitter of 40°-60°monkeys could reach a performance of 75%. For the amblyopic eye performance of some monkeys was independent of orientation jitter. The reason for the surprisingly low impact of orientation jitter on behavioral performance might be found in the second-order statistics of the Gabor-element distances of that study (Braun, 1999) : in the Kozma and Kiorpes study the densities of the background and contour elements were varied independently; therefore it is likely that monkeys had used other cues in addition to orientation of the contour elements to detect the contour.
In human psychophysics, different studies investigating the dependence of contour saliency on element distance yielded quite different results. In the study of Beaudot and Mullen (2003) the average threshold distance was 4.6°which is much higher than the threshold distance in the present study. This difference may be explained by the statistical properties of the images used by Beaudot and Mullen. In their images the secondorder statistics of inter-element distance of contour and background elements were not matched, a property that in addition to colinearity might be used by the visual system to detect contours and might therefore affect threshold values (see also Braun, 1999 for a statistical analysis of different contour-element images). Using line element images, Li and Gilbert (2002) found that the average threshold distance over all subjects was 2.3°. This value is far below the threshold distance in our monkey study. However, they found a strong training effect: one of their subjects, who was experienced with the task (the first author of the study), reached threshold performance not before an element distance of 3.61°. This value is very close to the threshold distances found in the present study ranging between 3.7°and 3.8°for contour detection and between 3.3°and 3.7°for contour identification. Effects of perceptual learning on lateral interactions have been found in experiments using the flanker paradigm where the spatial range for colinear facilitation was increased by a factor of three for trained as compared to naïve subjects (Polat & Sagi, 1994) .
Perceptual grouping of colinear line elements is thought to be mediated by interactions between local orientation filters. It has been proposed that long-range horizontal projections within area V1 serve as the neuronal substrate for such interactions (Kapadia et al., 1995; Li & Gilbert, 2002) . These projections preferentially connect cortical columns of similar orientation preference (Gilbert & Wiesel, 1989) . In cat primary visual cortex, they are anisotropic in visual space (Schmidt et al., 1997) , i.e. they preferentially link orientation columns with colinear aligned receptive fields whereas in macaque monkeys anisotropy has not been found (Angelucci et al., 2002; Stettler et al., 2002) . The range of horizontal connections extends in macaque monkeys up to 3-4 mm over the cortical surface, corresponding to 2°-3°of visual space at an eccentricity of 4°-6° ( Angelucci et al., 2002; Stettler et al., 2002) . A comparison of the functional anatomy of horizontal projections in V1 with the grouping probabilities of contour elements indicates that the properties of horizontal projections do not fully parallel the characteristics of contour perception. The isotropic connectivity pattern of macaque V1 is not in accordance with psychophysical studies showing that contour detection is significantly reduced when contour elements are oriented vertically to path orientation (Beck et al., 1989; Field et al., 1993) . Further on, the range of horizontal projections is shorter than the extent of perceptual interactions found in the present study for trained animals or for experienced human subjects (Li & Gilbert, 2002) . The lack of anisotropy and the restricted range raises the question, whether horizontal connections in V1 are indeed the primary substrate of contour integration.
Alternatively, contour integration may be mediated by feedback connections from area V2 to area V1. Angelucci and colleagues (Angelucci et al., 2002; Angelucci, Schiessl, Nowak, & McLoughlin, 2003) found that feedback connections from a site in V2 cover a larger area in V1 than horizontal projections within V1, even though this range is still smaller than the threshold distance in monkeys and experienced human observers. Furthermore, feedback from V2 is orientation specific (Angelucci et al., 2002; but see Stettler et al., 2002) and anisotropic in visual space, making it therefore a likely substrate for contour integration. However, taking into account the short SOAs in our masking experiment, the question arises whether the latency of feedback modulations fits with these time constraints. It has been shown that much processing begins simultaneously in areas V1 and V2 (Nowak, Munk, Girard, & Bullier, 1995) and that axonal delay times of long-range horizontal connections in V1 are comparable to those of feedback connections from V2 (Nowak & Bullier, 1997, chap. 5) . Moreover, inactivation studies revealed that feedback modulations already act on the early part of the neuronal response (Crook, Engelmann, & Löwel, 2002; Hupé, James, Girard, Lomber, & Payne, 2001) . Taken together, the time constraints imposed by horizontal and feedback interactions are very similar and therefore do not suggest one of them as the more likely substrate for contour integration. Further investigations will be required to clarify the role of horizontal and feedback connections in contour integration.
With respect to the temporal constraints of contour integration, the backward masking experiment of the present study demonstrated that contour integration processes can be surprisingly fast. Based on earlier work contour integration has been considered to be a rather slow process requiring approximately 100 ms for straight contours and 250-300 ms for higher curvatures Hess et al., 2001) . Given the large differences in results, the question arises whether the mask used in the present study effectively interferes with the representation of the target stimulus and thus limits processing time. The following results suggest the effectiveness of our mask: (1) Masking stimuli leading to monotonic or A-type masking functions (Kolers, 1962) as in the present study are considered to interfere with the representation of the target by integration of target and mask representations at different processing levels (Breitmeyer, 1984; Breitmeyer & Ogmen, 2000; Enns & Di Lollo, 2000) . The spatial noise added by the mask limits processing of the target (Scheerer, 1973) . (2) Modeling studies have shown that monotonic masking functions are typically associated with strong masks (Francis & Herzog, 2004) . (3) A related study investigating the impact of different pattern masks on line-orientation discrimination showed that masking was particularly effective when the mask was most similar to the target and when mask-presentation time is longer than target-presentation time (Wehrhahn, Li, & Westheimer, 1996) as in the present study. Taken together, the mask used here should be a powerful tool to limit the processing time for contour integration. However, powerful masks can become ineffective if the subject directs attention to the target before mask onset (Enns & Di Lollo, 2000) . In the present backward-masking experiments the monkeys could not focus attention on the target because target position was not known in advance (the contour was positioned randomly in each contour image) and searching for the target by shifting attention covertly is thought to require more time than available within the short SOAs (for a review on the time course of attentional processes see Egeth & Yantis, 1997) . Therefore, a likely reason for the difference in results might be the difference in the masking procedure. Hess and colleagues employed forward as well as backward masking, i.e. the contour image was always preceded and followed by a mask. It has been shown that both masks influence the neuronal activity evoked by a test stimulus: Forward masking suppresses the transient ON-response to a stimulus in monkey primary visual cortex (Macknik & Livingstone, 1998) whereas backward masking inhibits figure-specific activity arising 100 ms after stimulus onset (Lamme, Zipser, & Spekreijse, 2002) . Suppression of the transient ONcomponent of neuronal responses by forward masking may increase the stimulus-presentation time necessary to integrate contour elements.
Contour-specific activity has been reported for neurons in area V1 of macaque monkeys viewing a Gabor-element display (Bauer & Heinze, 2002) . A subset of neurons increased their activity in response to a Gabor element belonging to a contour as compared to the same element being part of the background. This effect started with a latency of about 150 ms. It is assumed that this late increase in activity reflects re-entry from higher visual areas (Lamme, 1995; Zipser et al., 1996) or facilitation via horizontal connections within area V1 (Bauer & Heinze, 2002) . However, the short SOA between stimulus and mask of 30-60 ms at which we found contour integration to be successfully performed is not compatible with the idea that an activity increase starting so late in the response serves as the neuronal correlate of contour integration.
The comparison between the significantly better performances in contour detection as compared to contour identification could be explained as a consequence of partially incomplete grouping of the contour elements. Successful detection is already possible, if the number of grouped contour elements exceeds the number of background elements that are likely to form a contour by chance. This happens already with three to four elements for the displays used in the present study. In contrast, identification requires most of the contour elements to be grouped together. Therefore, our results indicate that contour integration can be interrupted along the path of the contour and that such grouping deficits may remain unnoticed in detection paradigms. This finding is important for the design of contour integration tasks in the context of electrophysiological recordings. If in the chosen paradigm successful trials do not depend on grouping of most of the contour elements, then the contour element covering the receptive field of the recorded cell is not reliably integrated into the contour and the contour-specific response might be underestimated when pooling trials. One possibility to overcome this problem is to require the monkey to identify parameters of the contour that can only be extracted if the whole contour is perceived. data and K. Thoß for animal care. We are grateful to U. Ernst for assistance in calculating the psychometric functions. This work was supported by VolkswagenStiftung grant 6151.
